In Zea mays L., addition of glucose to the induction medium has no effect on the induction of nitrate reductase during the initial 3 hours either in root tips (0-10 mm) or mature root sections (25-35 nun). With longer times, higher levels of enzyme activity are recovered from both root segments when glucose is present in the incubation medium. The induction in root tips is saturated by 10 mM NO3-. Higher concentrations of NO3-are required for saturation in mature root sections. The response to glucose is seen over a wide range of external NO3-concentrations.
In cereals, carbohydrates represent up to 80%/C of the materials transported to the embryo from the endosperm (5, 17) . These sugars are a major source of energy and building blocks for biosynthetic reactions. The endosperm is also a rich source of amino acids which may be incorporated directly into embryo protein (8, 17, 19) . These transported amino acids also inhibit the biosynthesis of certain amino acids in the growing regions of the embryo (15, 16) , and thus could limit the contribution of transported sugars to biosynthetic reactions. Little is known about regulation of specific metabolic pathways which might be modulated by soluble carbohydrates. In corn root tips, increased incorporation of acetate-carbon into protein amino acids is seen with additions of glucose or sucrose (20) . This effect is not seen in mature root sections (18). In order to understand the effect of glucose on protein synthesis more precisely, we decided to investigate its influence on a particular enzyme system, nitrate reductase. 2 To whom reprint requests should be sent.
were washed two times with distilled H20 to remove excess fungicide. They were then planted on N03--free 0.9%O agar which contained one-tenth strength Hoagland solution and an additional supplement of 0.08 Mm molybdenum (22, 26 were calculated from a standard curve prepared on the day of the assay. The source of the nitrate reductase was a partially purified preparation of the enzyme from 7-day-old corn leaves.
The method described by Ferrari et al. (7) was used to measure the metabolic N03-pool. Thirty root segments were used for this determination. After induction of the enzyme for appropriate time intervals, the roots were washed with distilled H20, excised, and placed in test tubes which contained 1.7 ml of 0.1 M potassium phosphate buffer (pH 7.5). The contents of the tubes were then stoppered and incubated at 28 C for the required time. The production of N02-was stopped by adding 1 ml each of sulfanilamide and N-(1-naphthyl)ethylenediamine dihydrochloride. The color development was measured as described previously. The amount of N02-produced under anaerobiosis was designated as the metabolic N03-pool (7).
Soluble protein was determined by the method of Lowry et al. (14) after precipitation with 10% trichloroacetic acid. BSA, fraction V, was used as the protein standard.
RESULTS
Effect of Glucose on Induction of Nitrate Reductase. The results in Figure IA show that in root tips the nitrate reductase activity increased during the first 3 hr of NO3-treatment and then tended to level off. The initial increase in nitrate reductase activity is not influenced when glucose is included in the induction medium. With glucose in the induction medium, the activity continued to increase at the initial rate for about 4 hr and no clear-cut plateau was achieved during the 12-hr experimental time. In mature root sections, very little nitrate reductase activity was detected during the first hour of induction (Fig. 1B) . After this time the activity increased over a 12-hr experimental time. The rate of increase was appreciably faster in the presence of glucose than in the control after the initial 3-hr period (54 units/hr as compared with (Table I) . Higgins et al. (12) and Radin (23) have also observed an enhancement of nitrate reductase activity by sucrose in mung bean roots and by glucose in cotton roots, respectively.
In our experiments, the maximum induction in root tips was obtained with 5 mm glucose in the induction medium. Higher concentrations (0.1 M) were needed to get the maximum induction in mature root sections (Fig. 2) .
When the roots were treated with various concentrations of NO3-for a period of 6 hr, the roots (tip and mature sections) had higher levels of nitrate reductase activity when glucose was present (Fig. 3, A and B) . The effect of glucose was more pronounced in root tip than in mature root sections.
Effect of Glucose on Turnover of Nitrate Reductase. Nitrate reductase activity is lost rapidly when NO,-is withdrawn from the induction medium (22) . To investigate whether glucose would affect the decay of enzyme activity, the roots were induced for 2. Plant Physiol. Vol. 56, 1975 were then transferred to treatment solutions lacking NO3-. There was a rapid loss of nitrate reductase activity in both root tip and mature root sections (Fig. 4, A and B) . Giucose had little influence in preventing the loss in root tip sections but appeared to have a protective effect in mature root sections. When the synthesis of the active enzyme was stopped by the inclusion of tungstate in the treatment solutions (10) the loss of enzyme activity was even more pronounced. In this case, glucose did not prevent the normal loss of nitrate reductase activity in the mature root sections.
Effect of Glucose on Anaerobic NO2-Production. From the foregoing experiments it is apparent that glucose does not necessarily have a direct effect on the rate of synthesis or the rate of turnover of nitrate reductase in maize roots. It could alter the availability of NO3-within the cell. Heimer and Filner (9) presented evidence for more than one NO3-pool in suspension cultures of tobacco cells and suggested that one pool, the metabolic pool, was responsible for the induction of nitrate reductase. More recently Ferrari et al. (7) developed a method for measuring the metabolic pool of NO3-. We have used this method to compare levels of total and metabolic pools of NO3-in corn root sections. In our system, the roots were aollwed to absorb NO0-for 6 hr. They were then harvested and the anaerobic NO -production was followed as described in the methods. Nitrite production increased with time in both root tip and mature root sections for 60 min (Fig. 5, A and B) . At this time the total NO -produced by the root tip sections was 77 nmoles/g and by the mature root sections was 66 nmoles/g. When more NO3-was added at 60 min, NO2-production resumed in the root tip, but not in the mature root sections. The total accumulation of NO2-in 60 min in the glucose-fed root tip sections was 132 nmoles/g and in the mature root sections, 86 nmoles/g. In each case, glucose treatments enhanced the metabolic NO-pool. As with the enzyme induction ( Figs. 1 and 3) , the glucose effect was more pronounced in the root tip sections.
Kinetics of NO2-Accumulation. The results in Tables II and  Ill show that total NO-accumulation in root tip and mature root sections was the same in glucose-treated and control root sections. The metabolic NOS-pool, on the other hand, was enhanced by glucose additions. Increasing levels of exogenous N03-result in higher levels of the total and metabolic NO3- (Table II) . In a kinetic study, the glucose effect on the metabolic NO3-pool is clearly apparent 2 hr after the addition of NO3-to root tip sections (Table III) 
